DE GRUYTER 


Open Chemistry 2020; 18: 752-756 


Short Communication 

Danuta Gorecka, Agata Wawrzyniak, Anna J^drusek-Golinska, Krzysztof Dziedzic*, 
Jadwiga Hamutka, Przemystaw tukasz Kowalczewski, Jarostaw Walkowiak 

Lycopene in tomatoes and tomato products 


https://doi.org/10.1515/chem-2020-0050 
received March 27, 2020; accepted May 13, 2020 

Abstract: This article focused on the content of lycopene in 
fresh and dried tomatoes and tomato pomace, as well as in 
tomato paste at different harvest times (harvest 1-August 
and harvest 2 - September). The lycopene content of 
tomatoes and tomato products was evaluated by using 
high-performance liquid chromatography (HPLC). The results 
showed that the highest content of lycopene was estimated in 
the tomato paste independent of the time of harvest 
(211.73 mg/lOOg dm in August and 184.29 mg/100 g dm in 
September) and the lowest content in fresh pomace (20.45 
and 16.11 mg/100 g dm in August and September, respec¬ 
tively). Good sources of lycopene are tomato by-products, in 
particularly dried tomato pomace (25.11 mg/100 g dm - har¬ 
vest 1 and 19.30 mg/100 g dm - harvest 2). This study showed 
that tomato waste can be considered as a promising source of 
lycopene for the production of functional foods. 

Keywords: lycopene, fresh and dried tomato, tomato 
products, by-products, technological process 

1 Introduction 

Lycopene is a major dietary carotenoid protecting cells 
against oxidative damage to lipids, proteins, and DNA [1,2]. 
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It is present almost exclusively in tomato and tomato-based 
products. More than 80% of dietary lycopene is derived from 
processed tomato products such as ketchup, tomato juice, 
spaghetti sauce, and pizza sauce [3-5]. Other dietary sources 
of lycopene include watermelons, jackfruits, bananas, 
grapes, and papayas [6]. 

During the processing of tomatoes, the main residue 
generated is the tomato pomace [7]. The by-products of 
tomatoes, especially tomato pomace, are an important 
source of functional food ingredients such as dietary fiber, 
(3-carotene, lycopene, phenolic acids (ellagic and chlorogenic 
acids), and flavonoids (rutin and myricetin) [8-12]. They are 
known as potential factors in decreasing the serum level of 
oxidative stress biomarkers. For example, Abete et al. [13] 
showed that daily consumption of 160 g of a high-lycopene 
tomato sauce caused a decrease in oxidized-LDL cholesterol 
level supporting the role of lycopene, in combination with 
other bioactive compounds, in the prevention of oxidative 
stress-related diseases. Li et al. [14] showed that drinking 
tomato juice (280 mL per day) for 2 months decreased 
markers of lipid oxidation, without affecting the antioxidant 
capacity status and increased the anti-inflammatory adipo- 
nectin level in healthy adults. Lycopene’s singlet-oxygen- 
quenching ability is twice as high as (3-carotene and ten 
times higher than a-tocopherol [15]. The consumption of 
tomato products with lycopene reduced the risk of 
cardiovascular diseases in men and women [16], breast 
cancer in postmenopausal women [17], and ovarian cancer 
in premenopausal and postmenopausal women [18]. Several 
epidemiological studies have associated the increased 
consumption of tomato-based products and lycopene with 
the decreased prostate cancer risk [6,19]. Giovannucci [20] 
found that the consumption of tomatoes and tomato 
products was inversely related to the risk of cancers, most 
prominendy, cancers of the prostate, lung, and stomach. 

Technological processing of tomatoes, such as cooking 
and baking, do not affect the limitation of lycopene content 
in products to a greater extent, and lycopene losses are 
usually insignificant. Lycopene in its natural state occurs in 
the form of trans and is poorly absorbed in the human body. 
During heat processing of tomatoes and tomato products, 
and in the presence of fat, lycopene is released from the 
tissue of the product, which induces isomerization of 

This work is licensed under the Creative Commons Attribution 4.0 






DE GRUYTER 

lycopene from the all-frans to cis configuration, increasing its 
bioavailability [21-25]. 

The consumption of thermally processed tomato juice 
together with some fat increased the bioavailability of 
lycopene compared to the use of lycopene from nonpro- 
cessed juice [26]. A higher content of lycopene from tomato 
paste was also found in chylomicrons than from fresh 
tomatoes, which proves that the technological processes 
carried out increase the digestibility and bioavailability of 
tomato pasta. This is probably due to transformation of the 
all-frans isomer into the ris-isomer, thereby increasing the 
solubility in bile acids [21,22,26,27]. 

Technological processes such as grinding, marinating, 
fermentation, freezing, and gentle heating also improve 
the release and absorption of carotenoids [26,28]. The 
authors explain that this process occurs by releasing 
carotenoids as a result of the breakdown of plant tissues 
and the transition of these compounds to the lipid carrier. 
It is believed that since carotenoids in plant tissues occur 
in the form of complexes with proteins, mild thermal 
processes allow them to break down these connections and 
destroy cellulose structures in plant cells, thus contributing 
to an increase in the absorption of these com¬ 
pounds [24,26]. 

Lycopene is used in the production of meat 
products such as sausages, hamburgers, mortadella, and 
patties [29,30]. 

Therefore, this study aims to evaluate the content of 
lycopene in fresh and dried tomatoes and tomato pomace, as 
well as in tomato paste depending on the harvesting period. 


2 Materials and methods 

2.1 Plant material and reagents 

In this study, we used fresh and dried tomatoes, tomato 
paste, and fresh and dried tomato pomace. Fresh tomatoes, 
tomato paste, and fresh pomace were obtained from a 
Polish Food Industry Company “HJH Polska Sp. z o.o.” 
(Grandimat variety, from harvests in August 2015 - harvest 
1, and September 2015-harvest 2). All tomatoes were 
harvested ripe and ready for consumption. The production 
of tomato pasta (final product) proceeded with the 
following stages: washing, sorting, crushing and removing 
seeds, heating (65-75°C), wiping (tomato pomace), preser¬ 
ving, compaction, and pasteurization (80-85°C, 560-745 
hPa). All products coming from the tomato processing 
industries were frozen at -70°C. After thawing, the samples 
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were tested, except for dried tomato and dried tomato 
pomace, which were dried using a freeze dryer under the 
following process parameters: process temperature, -20°C; 
condenser temperature, -80°C, not longer than 48 h, and 
then kept at room temperature in the dark. Before the 
analysis, the sample was ground in a Foss Tecator mill 
(Hillerod, Sweden). 

All solvents (e.g., acetonitrile purity: 99.9%; hexane 
purity: 98.5%; dichloromethane purity: 99.9%; methanol 
purity: 99.5%) and lycopene standard L9879 were purchased 
from Sigma Aldrich (St. Louis, MO, USA). 


2.2 Determination of lycopene 

Lycopene was extracted and quantified using the pre¬ 
viously described method with some modifications [31]. To 
obtain representative samples for analysis, before 
weighing, each product was mixed thoroughly and 
homogenized (homogenizer IKAWERTKE T25 BASIC, 
13,500 oscillations/min, Staufen, Germany). Frozen toma¬ 
toes were homogenized entirely with tomato peel. 
Following this, the products weighed 0.2-2.0 g (depending 
on the product), and 20 mL of methanol and 0.2 mL 2% 
alcoholic solution of hydrochinon were added. The 
prepared samples were homogenized again to obtain a 
uniform consistency. The extraction of lycopene from the 
samples was performed using petroleum ether. Depending 
on the color intensity of the samples, 20 mL of ether was 
added four to five times. The ether extracts were poured 
and filtered through filter paper into a laboratory cylinder. 
The collected ether extracts were thoroughly mixed and 
later evaporated in a nitrogen atmosphere on a heated 
water bath (Memmert WB22, Schwabach, Germany). The 
evaporated residue was dissolved in 2.0 mL hexane. The 
analysis was conducted using an HPLC UV-vis detector 
(Gilson Company, Middleton, WI, USA). Hexane solution of 
lycopene filtered through a 0.45 pm microfilter (Sigma 
Aldrich, Germany) were injected onto the chromatographic 
column C18 RP (Vydac 201 TP54, Vydac, Hesperia, CA, 
USA; 250 x 4.6 mm, 5 pm) with a precolumn (10 x 4.6 mm, 
5 pm) from the same producer. The mobile phase applied 
was acetonitrile/hexane/dichloromethane/methanol (50/ 
20/20/10; v/v), with 0.1% BHT as an antioxidant, at a 
flow rate of 1.0 mL/min with a wavelength of 470 nm. The 
obtained results were compared to the standard curve 
performed with the use of lycopene standard and 
expressed per 100 g of weight. The data were reported as 
the mean of three measurements. The recovery rate for the 
tested method was 95%. 
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Table 1: Lycopene content in tomatoes and its products 


Tomato products 

Dry matter 1 (%) 

Dry matter 2 (%) 

Harvest date 1 Harvest date 2 

(mg/100 g of product) 

Harvest date 1 
(mg/100 g dm) 

Harvest date 2 

Fresh tomato 

5.59 el 

5.48 el 

3.35 el 

2.54 e2 

59.97 cl 

46.45 c2 

Dried tomato 

84.52 bl 

83.18 bl 

118.10 al 

70.10 a2 

139.79 bl 

84.33 b2 

Tomato paste 

28.95 dl 

29.05 dl 

61.21 bl 

53.52 b2 

211.73 al 

184.29 a2 

Fresh pomace 

65.69 cl 

65.03 cl 

13.43 d1 

10.47 d2 

20.45 el 

16.11 e2 

Dried pomace 

90.23 al 

89.99 al 

22.65 cl 

17.37 c2 

25.11 dl 

19.30 d2 


a e Different letters in columns indicates significant differences (p < 0.05); 1 different numerical values in lines means significant 
differences (p < 0.05); harvested day 1: 26.08.2015, harvested date 2: 16.09.2015, dm - dry matter. 


2.3 Statistical analysis 

The experiments were executed in three independent trials. 
Statistics software, version 10 (StatSoft Inc., Tulsa, OK, USA) 
was used to carry out the statistical analysis. A one-way 
ANOVA analysis and the Tukey test were conducted. 

Ethical approval: The conducted research is not related 
to either human or animal use. 


3 Results and discussion 

The content of lycopene in tomatoes and their products 
depends on the type of the product and the date of harvest. 
Dried tomatoes harvested in August (118.10 mg/lOOg pro¬ 
duct) had the highest lycopene content (Table 1). The content 
of lycopene was about 68% higher than tomatoes harvested 
in September. The lowest lycopene content was found in 
fresh tomatoes, regardless of the date of harvest (3.35 mg/ 
100 g of product harvested in August and 2.54 mg/100 g of 
product harvested in September). Fresh tomatoes harvested 
in August contained 31% more lycopene than those harvested 
in September. The paste prepared from tomatoes harvested in 
August contained 48% less lycopene compared to dried 
tomatoes and as much as 1,827% more than fresh tomatoes. 
A similar trend was found in tomatoes harvested in 
September. 

Based on the results calculated on the dry matter, 
tomato paste had the highest lycopene content (184.29 and 
211.73 mg/100 g dm for harvest 2 and 1, respectively; (Table 
1). The lowest lycopene content was found in fresh pomace 
(20.45 mg/100 g dm, harvested in August and 16.11 mg/ 
100 g dm, harvested in September). Despite this, they are 
still a good source of lycopene. The paste prepared from 
tomatoes harvested in September contained 12.9% less 
lycopene compared to the tomato paste from tomatoes 
harvested in August. 


According to the study by Wawrzyniak et al. [32], the 
lycopene content of tomato paste was the function of 
many factors, such as the degree of processing, ripeness, 
as well as the variety and the period of tomato harvest. 
Liu et al. [33] observed that between days 4 and 21, the 
lycopene content of the sun light-treated tomatoes 
increased about 2.4-fold; furthermore, after incubation 
in UV-C and red light, the lycopene content increased by 
sixfold and ninefold over the same period, respectively. 
The higher lycopene content in tomato products har¬ 
vested in August is due to a longer day and better 
insolation compared to that in September. Studies 
carried out in Great Britain revealed that the lycopene 
content of tomatoes with an intensive red color was 
50 mg/kg, and the yellow variety of tomatoes was 
characterized by a 10-fold lower content of lycopene, 
that is, 5 mg/kg [34]. In the present study, the lycopene 
content of fresh tomatoes is 53.21 mg/100 g dm or 
2.94 mg/100 g of the product (Table 1). These data are 
in agreement with the results of studies performed by 
other scientists [32,35,36], who found that the lycopene 
content of fresh tomatoes ranged from 0.88 to 7.74 mg/ 
100 g of product. Alda et al. [37] showed that the content 
of lycopene of fresh tomatoes was approximately 12 mg/ 
100 g. Studies conducted in Hungary demonstrated that 
the average lycopene content of tomatoes accounted for 
0.85 mg/100 g of product in winter, 1.10 mg in spring, 
and 13.6 mg/100 g of product in summer [35]. Nour et al. 
[12] found that the content of lycopene in dried tomato 
waste was 51 mg/100 g. Apart from fresh tomatoes, the 
main sources of lycopene in the Polish diet are tomato 
products. Since fresh tomatoes are a good raw material 
for the food industry, they can be consumed in different 
forms throughout the year. Among the foods available 
on the Polish market, the highest concentration of 
lycopene was found in tomato pastes, the mean content 
being 38.88 mg/100 g of product [32]. The amount of 
lycopene in 30% tomato pastes ranged from 53.52 to 
58.30 mg/100 g of product. 
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4 Conclusions 

The lycopene content in the analyzed samples depended 
on the type of the tomato product and the harvesting 
period. Products obtained from tomato harvested in 
August were characterized by a higher content of 
lycopene compared to that harvested in September. 
Since a good source of lycopene is tomato pomace, it is a 
promising raw material for the production of functional 
foods. 
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article. 

Conflicts of interest: On behalf of all authors, the 
corresponding author states that there is no conflict of 
interest. 


References 

[1] Cheng HM, Koutsidis G, Lodge JK, Ashor AW, Siervo M, Lara J. 
Lycopene and tomato and risk of cardiovascular diseases: 

a systematic review and meta-analysis of epidemiological 
evidence. Crit Rev Food Sci Nutr. 2019;59:141-58. 
doi: 10.1080/10408398.2017.1362630. 

[2] Han H, Lim JW, Kim H. Lycopene inhibits activation of 
epidermal growth factor receptor and expression of cycloox- 
ygenase-2 in gastric cancer cells. Nutrients. 2019;11:2113. 
doi: 10.3390/null092113. 

[3] Chauhan K, Sheel Sharma S, Agarwal N, Chauhan B. Lycopene 
of tomato fame: its role in health and disease. Int J Pharm Sci 
Rev Res. 2011;10:99-115. 

[4] Holzapfel N, Holzapfel B, Champ S, Feldthusen J, Clements J, 
Hutmacher D. The potential role of lycopene for the prevention 
and therapy of prostate cancer: from molecular mechanisms 
to clinical evidence. Int J Mol Sci. 2013;14:14620-46. 

doi: 10.3390/ijmsl40714620. 

[5] Storniolo CE, Sacanella I, Mitjavila MT, Lamuela-Raventos RM, 
Moreno J). Bioactive Compounds of Cooked Tomato Sauce 
Modulate Oxidative Stress and Arachidonic Acid Cascade 
Induced by Oxidized LDL in Macrophage Cultures. Nutrients. 
2019;11:1880. doi: 10.3390/null081880. 

[6] Suwanaruang T. Analyzing lycopene content in fruits. Agric 
Agric Sci Proc. 2016;11:46-8. doi: 10.1016/ 
j.aaspro.2016.12.008. 

[7] Silva YPA, Borba BC, Pereira VA, Reis MG, Caliari M, 

Brooks MS-L. Characterization of tomato processing by¬ 
product for use as a potential functional food ingredient: 
nutritional composition, antioxidant activity and bioactive 
compounds. Int J Food Sci Nutr. 2019;70:150-60. 

doi: 10.1080/09637486.2018.1489530. 


Lycopene in tomatoes and tomato products - 755 


[8] Borycka B. Tomato fibre as potential functional food 
ingredients. Polish J Nat Sci. 2017;32:121-30. 

[9] Urbonaviciene D, Bobinaite R, Trumbeckaite S, Raudone L, 
Janulis V, Bobinas C, et al. Agro-industrial tomato by-products 
and extraction of functional food ingredients. Zemdirbyste- 
Agriculture. 2018;105:63-70. doi: 10.13080/z- 

a.2018.105.009. 

[10] Szabo K, Diaconeasa Z, Catoi A-F, Vodnar DC. Screening of ten 
tomato varieties processing waste for bioactive components 
and their related antioxidant and antimicrobial activities. 
Antioxidants. 2019;8:292. doi: 10.3390/antiox8080292. 

[11] Dziedzic K, Gorecka D, Szwengiel A, Michniewicz J, 
Drozdzynska A, Walkowiak J. Interactions between fecal 
bacteria, bile acids and components of tomato pomace. Food 
Sci Biotechnol. 2019;28:649-55. doi: 10.1007/sl0068-018- 
0527-6. 

[12] Nour P, Ropota T, Trandafir C. Nutritional and bioactive 
compounds in dried tomato processing waste. CyTA - j Food. 
2018;16:222-9. doi: 10.1080/19476337.2017.1383514. 

[13] Abete I, Perez-Cornago A, Navas-Carretero S, Bondia-Pons I, 
Zulet MA, Martinez JA. A regular lycopene enriched tomato 
sauce consumption influences antioxidant status of healthy 
young-subjects: a crossover study. J Funct Foods. 
2013;5:28-35. doi: 10.1016/j.jff.2012.07.007. 

[14] Li Y-F, Chang Y-Y, Huang H-C, Wu Y-C, Yang M-D, Chao P-M. 
Tomato juice supplementation in young women reduces 
inflammatory adipokine levels independently of body fat 
reduction. Nutrition. 2015;31:691-6. doi: 10.1016/ 
j.nut.2014.11.008. 

[15] Di Mascio P, Kaiser S, Sies H. Lycopene as the most efficient 
biological carotenoid singlet oxygen quencher. Arch Biochem 
Biophys. 1989;274:532-8. doi: 10.1016/0003-9861(89) 
90467-0. 

[16] Kulczyfiski B, Gramza-Michatowska A, Kobus-Cisowska J, 
Kmiecik D. The role of carotenoids in the prevention and 
treatment of cardiovascular disease - current state of 
knowledge. J Funct Foods. 2017;38:45-65. doi: 10.1016/ 
j.jff. 2017.09.001. 

[17] Cui Y, Shikany JM, Liu S, Shagufta Y, Rohan TE. Selected 
antioxidants and risk of hormone receptor-defined invasive 
breast cancers among postmenopausal women in the 
Women’s Health Initiative Observational Study. Am J Clin Nutr. 
2008;87:1009-18. doi: 10.1093/ajcn/87.4.1009. 

[18] Jeong N-H, Song E-S, Lee J-M, Lee K-B, Kim M-K, Cheon J-E, 
et al. Plasma carotenoids, retinol and tocopherol levels and 
the risk of ovarian cancer. Acta Obstet Gynecol Scand. 
2009;88:457-62. doi: 10.1080/00016340902807215. 

[19] Stacewicz-Sapuntzakis M, Bowen PE. Role of lycopene and 
tomato products in prostate health. Biochim Biophys Acta Mol 
Basis Dis. 2005;1740:202-5. doi: 10.1016/ 
j.bbadis.2005.02.004. 

[20] Tomatoes GE. Tomato-based products, lycopene, and cancer: 
review of the epidemiologic literature. JNCI J Natl Cancer Inst. 
1999;91:317-31. doi: 10.1093/jnci/91.4.317. 

[21] Boileau AC, Merchen NR, Wasson K, Atkinson CA, Erdman JW. 
Cis-lycopene is more bioavailable than trans-lycopene in vitro 
and in vivo in lymph-cannulated ferrets. J Nutr. 
1999;129:1176-81. doi: 10.1093/jn/129.6.1176. 


756 


Danuta Gorecka et ai 


DE GRUYTER 


[22] Gartner C, Stahl W, Sies H. Lycopene is more bioavailabie from 
tomato paste than from fresh tomatoes. Am J Clin Nutr. 
1997;66:116-22. doi: 10.1093/ajcn/66.1.116. 

[23] Rao AV, Agarwal S. Role of lycopene as antioxidant 
carotenoid in the prevention of chronic diseases: a review. 
Nutr Res. 1999:19:305-23. doi: 10.1016/S0271-5317(98) 
00193-6. 

[24] Shi J, Le Maguer M. Lycopene in tomatoes: chemical and 
physical properties affected by food processing. Crit Rev Food 
Sci Nutr. 2000;40:1-42. doi: 10.1080/10408690091189275. 

[25] Gajowik A, Dobrzynska MM. Lycopene - antioxidant with 
radioprotective and anticancer properties. A review. Rocz 
Panstw Zaki Hig. 2014;65:263-71. 

[26] Stahl W, Sies H. Uptake of lycopene and its geometrical 
isomers is greater from heat-processed than from unpro¬ 
cessed tomato juice in humans. ] Nutr. 1992;122:2161-6. 
doi: 10.1093/jn/122.11.2161. 

[27] Erdman JW. How do nutritional and hormonal status modify 
the bioavailability, uptake, and distribution of different 
isomers of lycopene? J Nutr. 2005;135:2046S-7S. 

doi: 10.1093/jn/135.8.2046S. 

[28] Deming DM, Erdman JW. Mammalian carotenoid absorption 
and metabolism. Pure Appi Chem. 1999;71:2213-23. 

doi: 10.1351/pacl99971122213. 

[29] Akdemir F, Orhan C, Sahin N, Sahin K, Hayirli A. Tomato 
powder in laying hen diets: effects on concentrations of yolk 
carotenoids and lipid peroxidation. Br Poult Sci. 
2012;53:675-80. doi: 10.1080/00071668.2012.729142. 

[30] Peiretti PG, Gai F, Rotoio L, Brugiapaglia A, Gasco L. Effects of 
tomato pomace supplementation on carcass characteristics 


and meat quality of fattening rabbits. Meat Sci. 
2013;95:345-51. doi: 10.1016/j.meatsci.2013.04.011. 

[31] Murkovic M, Mulleder U, Neunteufl H. Carotenoid content in 
different varieties of pumpkins. J Food Compos Anai. 
2002;15:633-8. doi: 10.1006/jfca.2002.1052. 

[32] Wawrzyniak A, Marciniak A, Rajewska J. Lycopene content of 
selected foods available on the polish market and estimation 
of its intake. Polish J Food Nutr Sci. 2005;14:195-200. 

[33] Liu LH, Zabaras D, Bennett LE, Aguas P, Woonton BW. Effects 
of UV-C, red light and sun light on the carotenoid content and 
physical qualities of tomatoes during post-harvest storage. 
Food Chem. 2009;115:495-500. doi: 10.1016/ 
j.foodchem.2008.12.042. 

[34] Hart DJ, Scott KJ. Development and evaluation of an HPLC 
method for the analysis of carotenoids in foods, and the 
measurement of the carotenoid content of vegetables and 
fruits commonly consumed in the UK. Food Chem. 
1995;54:101-11. doi: 10.1016/0308-8146(95)92669-B. 

[35] Lugasi A, Bfro L, Hovarie J, Sagi KV, Brandt S, Barna E. 
Lycopene content of foods and lycopene intake in two groups 
of the Hungarian population. Nutr Res. 2003;23:1035-44. doi: 
10.1016/S0271-5317(03)00105-2. 

[36] Han TS, Correa E, Lean MEJ, Lee DM, O’Neill TW, Bartfai G, 
et ai. Changes in prevalence of obesity and high waist 
circumference over four years across European regions: the 
European male ageing study (EMAS). Endocrine. 
2017;55:456-69. doi: 10.1007/sl2020-016-1135-y. 

[37] Alda LM, Gogoa§a I, Bordean DM, Gergen I, Alda S, 

Moldovan C, et ai. Lycopene content of tomatoes and tomato 
products. J Agroaliment Proc Technol. 2009;15:540-2. 


